In total knee arthroplasty (TKA), it is important to restore neutral mechanical alignment. The purpose of this study was to assess whether the lower limb alignment is neutral in healthy Korean females and investigate the incidence of constitutional varus knees among them. 
Purpose:
In total knee arthroplasty (TKA), it is important to restore neutral mechanical alignment. The purpose of this study was to assess whether the lower limb alignment is neutral in healthy Korean females and investigate the incidence of constitutional varus knees among them. 
Results:
The interobserver reliability of the three independent observers was high (p<0.001). The HKAA of the study subjects ( 
Introduction
Restoration of neutral mechanical alignment of the lower limb in total knee arthroplasty (TKA) has been demonstrated as a key determinant of the longevity of knee implants in various studies 1, 2) . In a neutrally aligned limb, the mechanical axis passes through the center of the knee joint, thereby minimizing the risk of component wear and loosening [3] [4] [5] . However, the importance years who had been working at our hospital. Informed consent was obtained from all volunteers prior to study and knee joint pain and history of trauma were defined as exclusion criteria. Three of the volunteers were excluded due to femoral head deformity, rotational deformity of the femur, and congenital tibial deformity. Ultimately, 118 patients were available for the assessment of both lower limbs. Their mean age was 26.76 years and the mean body mass index (BMI) of 21.62 kg/m 2 was within the normal range (Table 1) . Weight-bearing full-leg standing radiographs were taken with the patients standing barefoot. To preclude errors due to rotation, the medial borders of the heels and the first metatarsophalangeal joints of both foot were positioned to be in full contact, with the patella facing forward. The distance between the source of radiation and the patient was 300 cm. With three 17×17 inch cassettes placed behind the hips, knees, and the feet, radiographs were taken at 100 mAs, 64 mAs, and 32 mAs, respectively. ). The possible causative factors of constitutional varus knees, femoral bowing angle (FBA) and mechanical lateral distal femoral angle (mLDFA) were also measured.
The HKAA was defined as the medial angle formed by the axes that pass through the center of the femoral head, the midpoint between the tips of the tibial spines, and the center of the superior facet of the talus. The angle was assigned a negative value if it was less than 180° (varus alignment) whereas a positive value was given if it was greater than 180° (valgus alignment). The MPTA was measured as the medial angle between the mechanical tibial axis and the knee joint line of the proximal tibia. The angle lesser than 90° represent a varus alignment, and the angle greater than 90° a valgus alignment. Three points were marked on the femoral shaft as follows, the midpoint of the medullary canal at the lower junction of the lesser trochanter (proximal femoral point), the midpoint of the medullary canal 10 cm proximal to the knee joint (distal femoral point), and a point midway between the proximal and the distal femoral points (middle femoral point). The FAMA was calculated as the angle formed between the femoral mechanical axis and the femoral anatomical axis which is the line from the proximal femoral point to the distal femoral point. The FBA was determined as the angle between the line from the proximal femoral point to the middle femoral point and the line from middle femoral point to the distal femoral point. Negative and positive values indicated varus and valgus femoral bowing, respectively. The mLDFA was measured as the lateral angle be- Values are presented as mean±standard deviation. 
Results
The ICCs for HKAA and MPTA were 0.967 and 0.933, respectively, indicating excellent interobserver reliability. The ICCs for FAMA, FBA, and mLDFA were 0.797, 0.866, and 0.811, respectively, showing excellent (>0.79) interobserver reliability. Thus, the reliability of measurements was statistically significant for all continuous variables (p<0.001) ( Table 2 ). The one-sample t-test for comparison of the mean HKAA, tween the femoral mechanical axis and the joint line of the distal femur ( Figs. 1-5 ).
For statistical analysis, categorical variables were described as frequency and percentage while continuous variables were expressed as mean±standard deviation (SD). An intraclass correlation coefficients (ICCs) was used to determine the interobserver reliability. The ICC was calculated using a two-way mixed model with a consistency definition. ). All statistical analysis was performed using SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) and p-value of less than 0.05 was ) showed a statistically significant difference for the HKAA (p<0.001). However, no significant difference was observed with regard to the MPTA (p=0.083) and the FAMA (p=0.887) ( Table 3 Compared to 6 degree. 
Discussion
With the advent of patient specific implants for TKA, the concept of natural anatomic alignment has been growing interest as an alternative to neutral mechanical alignment 7, 8) . In addition, an increasing number of surgeons have begun to question the importance of restoration of neutral mechanical alignment in patients who have had varus alignment since the attainment of skeletal maturity 6) . ) and the incidence of constitutional varus knees among them.
Our results showed that the MPTA and FAMA in the study participants were not significantly different from the standard values. The FBA was in slight valgus (mean value, 1.96°), and the mean mLDFA (87.78°) was not significantly different from the other studies. However, the mean HKAA was slightly in varus deviation (-1.35°±2.04°). That results was different from the known neutral axis of 0° and showed a statistically significant difference (p<0.001). The presence of slight varus deviation from neutral mechanical alignment has been reported in many studies. Moreland et al. 9) reported a mean of 1. Bellemans et al. 6) documented that constitutional varus alignment (≥3° varus deviation) was observed in 17.2% of the western female knees. In our study, the incidence of constitutional varus alignment (20.34%) was relatively high compared to that in the above mentioned study. Factors associated with constitutional varus alignment including increased femoral varus bowing, an increased varus femoral neck-shaft angle, and an increased femoral anatomic mechanical angle were considered 12) . However, Shetty et al. 13) showed that the HKAA was most positively correlated with the MPTA in Indian and Korean adults, whereas there was no significant correlation with BMI, femoral bowing, and femoral neck-shaft angle. According to Bellemann et al. 6) constitutional varus alignment was associated with increased sports activity during the growth spurt in the teenage years, whereas no significant correlation was established with weight, body type, and BMI. In particular, intense sports activity at the end of the growth spurt (range, 14 to 16 years) imposes biomechanical overload on the medial physis in the proximal tibia, resulting in the development of varus knees 14) . This can be explained by Hueter-Volkmann's law stating that growth at the physes is retarded under increased compression, whereas accelerated under reduced loading. Such unbalanced stress on the epiphysis has also been associated with tibia vara in children 15) . Some studies also suggested that vitamin D insufficiency in children could cause coronal bowing of the femoral shaft, coxa vara, and proximal tibia vara, eventually resulting in constitutional varus alignment 16, 17) . Nagamine et al. 18) reported that medial torsion of the proximal tibia during kneeling and squatting in childhood in Asian countries with floor-sitting lifestyle resulted in high prevalence of varus alignment compared to that in the Western countries. Likewise, although constitutional varus alignment has been addressed in a variety of studies, consensus is elusive; therefore, further studies are required. Numerous studies have demonstrated the importance of correcting the mechanical alignment to 0 o ±3 o relative to the neutral axis 19, 20) . However, Parratte et al. 21) reported that the incidence of [22] [23] [24] [25] . In our opinion, these studies suggest the need to reconsider whether restoration of neutral mechanical alignment and avoidance of outlier should also be applied to patients with constitutional varus knees. Based on literature review, Bourne et al. 26) reported that various factors, such as patient selection, surgical technique, and implant design, appeared to have an influence on dissatisfaction after TKA that was noted in 11% to 25% of the patients. Still, we believe that careful consideration should be given as to whether such patient dissatisfaction could be attributable to the stereotypical goal of restoring neutral mechanical alignment that does not accommodate anatomical variations of patients.
There are some limitations of this study. First, there could have been some measurement errors caused by rotation of the lower limb or the observers; however, we attempted to eliminate errors by taking radiographs in the same position, excluding volunteers with anatomical or congenital deformity to prevent errors due to rotation, and obtaining measurements from three observers to improve reliability. Second, all the study subjects were female. This was because the prevalence of TKA indicated for osteoar-thritis was overwhelmingly high in females than men (9:1) in Korea. 27) We think further research involving male adults should also be conducted. Third, given the rapid economic development along with changes in lifestyle and diet in the past 50 years, it should be taken into consideration that there must be differences in the body shape, constitution, lifestyle, and nutrition between the current TKA candidates and the study participants.
There is a growing interest in the concept of constitutional varus alignment. We believe that restoration of the original knee alignment based on thorough preoperative and intraoperative assessment of patient's anatomical characteristics would be more beneficial in terms of clinical outcomes and longevity of TKA than the traditional approach aimed at restoring stereotyped neutral mechanical alignment. We hope our findings will encourage further studies.
Conclusions
In our study, the mechanical axis of the lower limb was in slight varus (1.35 o ±2.04 o ) in the 118 Korean females in their 20s and 30s and the incidence of constitutional varus alignment was 20.34%. These findings may be useful in reconstruction procedures of the knee, including TKA, unicompartmental knee arthroplasty, and high tibial osteotomy.
